,^1U)-A099  «50  ARMY  EN6INEER  DISTRICT  PHILADELPHIA  PA  F/6  n/6 

FLOOD  PLAIN  INFORMATION  BUSHKILL  CREEK*  VICINITY  OF  EASTON*  PEN.^TC(U) 
JAN  72 

UNCLASSIFIED  DAEN/NAP-82040/FPI10-72/0  NL 


ijEva 

FLOOD  PLAIN 
INFORMATION^ 


e-'i  ,  * 

0 


DTSC 

ELEC,  r 


JUNO  8  1981 


BUSHKILL  CREEK  f 

VICINITY  OF  EASTON,  PENNSYLVANIA 


. 

'■  ti 


V  .  ■  ■  '^1^ 


an 


\i^ 

■Si  ». 


3 


PREPARED  FOR  THE  lEHIGH  NORTHAMPTON  COUNTY  JOINT  PLANNING  COMMISSION  lY  THE 
DEPT.'OF  THE  ARMY,  PHILADELPHIA  DISTRICT, CORPS  OF  BIGINEERS,  PHILADELPHIA,  PA. 

JANUARY  1972 

*^0’.  Iffy: 


TO  THE  REQUESTOR: 


This  Flood  Plain  Information  (FPI)  Report  was  prepared  by  the  Philadelphia 
District  office  of  the  U.S.  Army  Corps  of  Engineers,  under  the  continuing 
authority  of  the  1960  Flood  Control  Act,  as  amended.  The  report  contains 
valuable  background  information,  discussion  of  flood  characteristics  and 
historical  flood  data  for  the  study  area.  The  report  also  presents  through 
tables,  profiles,  maps  and  text,  the  results  of  engineering  studies  to 
determine  the  possible  magnitude  and  extent  of  future  floods,  because 
knowledge  of  flood  potential  and  flood  hazards  is  important  in  land  use 
planning  and  for  management  decisions  concerning  floodplain  utilization. 
These  projections  of  possible  flood  events  and  their  frequency  of 
occurrence  were  based  on  conditions  in  the  study  area  at  the  time  the 
report  was  prepared. 

Since  the  publication  of  this  FPI  Report,  other  engineering  studies  or 
reports  may  have  been  published  for  the  area.  Among  these  are  Flood 
Insurance  Studies  prepared  by  the  Federal  Insurance  Administration  of 
the  Federal  Emergency  Management  Agency#  Flood  Insurance  Studies  generally 
provide  different  types  of  flood  hazard  data  (including  information 
pertinent  to  setting  flood  insurance  rates)  and  different  types  of 
floodplain  mapping  for  regulatory  purposes  and  in  some  cases  provide 
updated  technical  data  based  on  recent  flood  events  or  changes  in  the 
study  area  that  may  have  occurred  since  the  publication  of  this  report. 

It  is  strongly  suggested  that,  where  available.  Flood  Insurance 
Studies  and  other  sources  of  flood  hazard  data  be  sought  out  for  the 
additional,  and,  in  some  cases,  updated  flood  plain  information  which 
they  might  provide.  Should  you  have  any  questions  concerning  the 
preparation  of,  or  data  contained  in  this  FPI  Report,  please  contact: 

U.S.  Army  Corps  of  Engineers 
Philadelphia  District 

Custom  House,  2nd  and  Chestnut  Streets 
Philadelphia,  PA  19106 

ATTN:  Flood  Plain  Mgt.  Services  Branch,  NAPEN-M 

Telephone  number;  (215)  597-4807 


SECURITY  classification  of  This  page  (Whit  0«t«  Bntmd) _ 

REPORT  DOCUMENTATION  PAGE  BEFolE^cSgETmg^F^ 

li.  Report  numbcii  |2.  govt  accession  no.  3.  recipient's  catalog  number 


1.  REPORT  NUMBER 


DAENAIAP-82040/FPI10-72/01 

4.  TITLE  (md  SubtitU) 


Flood 

Vicinity 


^lain  j.nformation  Bushkill  Creek,  * — i 
ty  of  F.ag«-nn-  P  or  -  »A  v<3>  'X  '  J 


■  7.  AUTHORf*> 


5.  TYPE  OF  REPORT  A  PERIOD  COVERED 

Flood  Plain  Information 

E  RaRFeBMIMB  qBG  BEnQHT  NMNEEg.. 

DAEN/NAP-82p4J^/FPI  1  jf-7  2//J1 
•.  CONTRACT  e^eRAMT  AUiMB£BUX._j~ 


S.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

U.S.  Army  Engineer  District,  Philadelphia 
2nd  &  Chestnut  Sts. 

Philadelphia,  PA  19106 _ 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.S.  Army  Engineer  District,  Philadelphia 
2nd  &  Chestnut  Sts. 

Philadelphia.  PA  19106 


10.  PROGRAM  element,  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 


J2.^mefiSRZ~OAS«- 

J  3&n/mmi2 

IS.  NUMBER  OP  RA0ES 

44  p. 


MONITORING  AGENCY  NAME  A  ADORESSCi/ iBffannt  ham  ConttoUtnM  OHie»)  TiS.  SECURITY  CLASS,  (ol  thi«  rapoit; 

Unclassified 


IS*.  DECLASSIFICATION/DOWNGRADING 
SCHEDULE 


I  IS.  DISTRIBUTION  STATEMENT  (at  Utlt  i 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


[Tr  DISTRIBUTION  STATEMENT  (ot  CA«  abalracC  anlvrcE  In  BlocA  20,  H  dIHmrmt  fram  Raport; 


riB.  supplementary  NOTES 


risrKEYWORMfC«iilfciu*o«i»T*ri«»lSl/i«*e*»»«r«i5lditiM^^Aioeiiii»A«0 


Bushkill  Creek,  Pa. 

Lehigh-Northeunpton  County  Joint  Planning 
Commission 
Easton,  Pa. 


Floods 

Flood  forecasting 
Flood  plains 
Delaware  River 


^  md  idmdiit  ir  Mvek  mmhmr) 


In  Northampton  County  Pa. ,  the  City  of  Easton  and  other  coimnunities  are 
subject  to  flooding  by  Bushkill  Creek  and  the  Delaware  River.  Coranercial  and 
residential  properties  on  the  flood  plain  of  Bushkill  Creek  were  severly 
damaged  by  a  flash  flood  on  July  9,  1945.  The  area  in  the  City  of  Easton 
near  the  confluence  of  Bushkill  Creek  and  the  Delaware  River  suffered  severe 
damage  from  the  flood  of  August  1955.  _ _ _ _ _ 


un  EDITION  OP  I  NOV  M  IB  OSBOLETE 


lQ3S->; 


SCCUiNTY  CLMSiriCATtON  OP  THIS  ^AOC  ( 


I  Dmtm 


tKCUWITY  CUMSIFICATIOW  OF  THIS  PAOEQHmi  Data  BntaMO 


This  report  included  a  history  of  flooding  in  the  Bushkill  Creek-Easton 
Pa.  area  and  identified  those  areas  which  may  be  subject  to  possible 
future  floods.  Special  emphasis  was  given  to  these  possible  future  flood 
forecasts  thru  maps,  photographs  and  profiles.  While  this  report  doesn't 
provide  solutions  it  can  aid  in  the  identification  of  flood  damage 
reduction  techniques. 

Under  authority  of  action  206  of  the  1960  Flood  Control  Act  as  amended  the 
flood  plain  informati<^  was  prepared  by  the  U.S.  Army  Corps  of  Engineers 
Philadelphia  District  at  the  request  of  the  Lehigh-Northampton  County  Joint 
Planning  Commission.  The  information  should  be  considered  for  its 
historical  nature.  Since  the  publication  of  this  FPI  report  other  Flood 
Insurance  studies  have  been  undertaken  and  should  also  be  consulted  for 
more  current  information. 


ttCumry  CLAUIPICATION  op  this  PAOermm  dm*  BntmnO 


INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PAGE 


RESPONSIBILITY .  The  controlling  DoD  office  will  be  responsible  for  completion  of  the  Report  Documentation  Page,  DD  Form  1473,  in 
all  technical  reports  prepared  by  or  for  DoD  organizations. 

CLASSIFICATION.  Since  this  Report  Documentation  Page,  DD  Form  1473,  is  used  in  preparing  announcements,  bibliographies,  and  data 
banks,  it  should  be  unclassified  if  possible.  If  a  classification  is  required,  identify  the  classified  items  on  the  page  by  the  appropriate 
symbol. 

COMPLETION  GUIDE 


General.  Make  Blocks  1,  4,  5,  6,  7,  11,  13,  15,  and  16  agree  with  the  corresponding  information  on  the  report  cover.  Leave 
Blocks  2  and  3  blank. 

Block  1.  Report  Number.  Enter  the  unique  alphanumeric  report  number  shown  on  the  cover. 

Block  2,  Government  Accession  No.  Leave  Blank.  This  space  is  for  use  by  the  Defense  Documentation  Center. 

Block  3.  Recipient's  Catalog  Number.  Leave  blank.  This  space  is  for  the  use  of  the  report  recipient  to  assist  in  future 
retrieval  of  the  document. 

Block  4.  Title  and  Subtitle.  Enter  the  title  in  all  capital  tetters  exactly  as  it  appears  on  the  publication.  Titles  should  be 
unclassified  whenever  possible.  Write  out  the  Enriish  equivalent  for  Greek  letters  and  mathematical  symbols  in  the  title  (see 
“Abstracling  Scientific  and  Technical  Reports  of  Defense-sponsored  RDT/E, ’’AD-667  000).  If  the  report  has  a  subtitle,  this  subtitle 
should  follow  the  main  title,  be  separated  by  a  comma  or  semicolon  if  appropriate,  and  be  initially  capitalized.  If  a  publication  has  a 
title  in  a  foreign  language,  translate  the  title  into  English  and  follow  the  English  translation  with  the  title  in  the  original  language. 

Make  every  effort  to  simplify  the  title  before  publication. 

Block  S.  Type  of  Report  and  Period  Covered.  Indicate  here  whether  report  is  interim,  final,  etc.,  and,  if  applicable,  inclusive 
dates  of  period  covered,  such  as  the  life  of  a  contract  covered  in  a  final  contractor  report. 

Block  6.  Perfotming  Organization  Report  Number.  Only  numbers  other  than  the  official  report  number  shown  in  Block  1,  such 
as  series  numbers  for  in-house  reports  or  a  contractor/grantee  number  assigned  by  him,  will  be  placed  in  this  space.  If  no  such  numbers 
are  used,  leave  this  apace  blank. 

Block  7.  AuthorfaJ.  Include  corresponding  information  from  the  report  cover.  Give  the  namefs^  of  the  authorfs,)  in  conventional 
order  (for  example,  John  R.  Doe  or,  if  author  prefers,  J.  Robert  Doe).  In  addition,  list  Uie  affiliation  of  an  author  if  it  differs  from  that 
of  the  performing  organization. 

Block  8.  Contract  or  Grant  NumberfsJ.  For  a  contractor  or  grantee  report,  enter  the  complete  contract  or  grant  numberCs^  under 
which  the  work  reported  was  accomplished.  Leave  blank  in  in-house  reports. 

Block  9.  Performing  Organization  Name  and  Address.  For  in-house  reports  enter  the  name  and  address,  including  office  symbol, 
of  the  performing  activity.  For  contractor  or  grantee  reports  enter  the  name  and  address  of  the  contractor  or  grantee  who  prepared  the 
report  and  identify  the  appropriate  corporate  division,  school,  laboratory,  etc.,  of  the  author.  List  city,  state,  and  ZIP  Code. 

Block  10.  Program  Element,  Project,  Task  Area,  and  Work  Unit  Numbers.  Enter  here  the  number  code  from  the  applicable 
Department  of  Defense  form,  such  as  the  DD  Form  1498,  ‘'Research  and  Technology  Work  Unit  Summary”  or  the  DD  Form  1634. 
“Research  and  Development  Planning  Summary,”  which  identifies  the  program  element,  project,  task  area,  and  work  unit  or  equivalent 
under  which  the  work  was  authorized. 

Block  11.  Controlling  Office  Name  and  Address.  Enter  the  full,  official  name  and  address,  including  office  symbol,  of  the 
controlling  office.  (Equates  to  funding/ aponaoring  agency.  For  definition  see  DoD  Directive  5200.20,  “Distribution  Statements  on 
Technical  Documents.’’) 

Block  12.  Report  Date.  Enter  here  the  day,  month,  and  year  or  month  and  year  as  shown  on  the  cover. 

Block  13.  Number  of  Pages.  Enter  the  total  number  of  pages. 

Block  14.  Monitoring  Agency  Name  and  Address  (if  different  from  Controlling  Office).  For  use  when  the  controlling  or  funding 
office  does  not  directly  administer  a  project,  contract,  or  grant,  but  delegates  the  administrative  responsibiftty  to  another  organization. 

Blocks  IS  \  ISa.  Security  Classification  of  the  Report:  Declassification/Downgrading  Schedule  of  the  Report.  Enter  in  15 
the  highest  classification  of  the  report.  If  appropriate,  enter  in  15a  the  declassification/downgrading  schedule  of  the  report,  using  the 
abbreviations  for  declassification/ downgrading  schedules  listed  in  paragraph  4-207  of  DoD  5200.  l-R. 

Block  16.  Distribution  Statement  of  the  Report.  Insert  here  the  applicable  distribution  statement  of  the  report  from  DoD 
Directive  5200.20,  "Distribution  Statements  on  Technical  Documents.” 

Block  17.  Distribution  Statement  (of  the  abstract  entered  In  Block  20,  if  different  from  the  distribution  statement  of  the  report). 
Insert  here  the  applicable  distribution  statement  of  the  abstract  from  DoD  Directive  5200.20,  "Distribution  Statements  on  Technical  Doc¬ 
uments.” 


Block  18.  Supplementary  Notes.  Enter  information  not  included  elsewhere  but  useful,  such  as:  Prepared  in  cooperation  with 
.  .  .  Translation  of  for  by)  .  .  .  Presented  at  conference  of  ...  To  be  published  in  .  .  . 

Block  19.  Key  Words.  Select  terms  or  short  phrases  that  identify  the  principal  subjects  covered  in  the  ry>ort^  and  are 
sufficiently  specific  and  precise  to  be  used  as  index  entries  for  cataloging,  conforming  to  standard  terminology.  The  DoD  "Thesaurus 
of  Engineering  and  Scientific  Terms”  (TEST),  AD-672  000,  can  be  helpful. 

Block  20;  Abstract.  The  abstract  should  be  a  brief  (not  to  exceed  200  words)  factual  summary  of  the  most  significant  informa¬ 
tion  contained  in  the  report.  It  possible,  the  abstract  of  s  classified  report  should  be  unclassified  and  the  abstract  to  an  unclassified 
fsnort  should  consist  of  publicly-  releasable  information.  If  the  report  contains  a  sipiificant  bibliography  or  literature  survey,  mention 
ilbMe.  For  information  on  preparing  abstracts  see  "Abstracting  Scientific  and  Technical  Reports  of  Defense-Sponsored  RDTatE,” 
AD467  000. 


a  u.a.  aaot  t 


10-S47/S0SX 


approved  pr^'l  PLfBLfC  PH  Fa<;p 
DISTRIBUiIoNUNLiS^ 


CONTENTS 


Page 


PREFACE  .  i 

BACKGROUND  INFORMATION .  1 

Settlement .  1 

The  Stream  and  Its  Valley .  1 

Developments  in  the  Flood  Plain .  2 

FLOOD  SITUATION .  3 

Data  Sources  and  Records .  3 

Flood  Season  and  Flood  Characteristics .  4 

Factors  Affecting  Flooding  and  Its  Impact .  4 

Obstructions  to  floodflows .  4 

Flood  damage  reduction  measures .  5 

Other  factors  and  their  impacts .  5 

Flood  warning  and  forecasting .  5 

Flood  fighting  and  emergency  evacuation  plans .  5 

PAST  FLOODS .  8 

Summary  of  Historical  Floods .  8 

Flood  Records .  8 

Flood  Descriptions .  10  _ 

3  October  1869  .  10 

9  July  1945  .  10  ’ 

18  - 19  August  1955  .  11  - - 

FUTURE  FLOODS .  14  - 

Intermediate  Regional  Flood .  14  . 

Standard  Project  Flood .  14  ^d/or 


Di3t  ,  Special 


A 


€  PT.  N/VP  '  040  /f  - 7i/  // 


CONTENTS  (Continued) 


Frequency  . 

Hazards  of  Large  Floods . 

Flooded  areas  and  flood  damages  .  . 

Obstructions . 

Velocities  of  flow . 

Rates  of  rise  and  duration  of  flooding 
Photographs,  future  flood  heights  . 
GLOSSARY  . 


TABLES 


Table 

1  Drainage  Areas . 

2  Precipitation  at  Phillipsburg,  New  Jersey . 

3  Flood  Crest  Elevations  (Delaware  River  at 

Northampton  Street  Bridge) . 

4  Peak  Flows  for  Intermediate  Regional  and 

Standard  Project  Floods . 

5  Flood  Elevations . 

6  Elevation  Data  (Bridges  Across  Bushkill  Creek)  ,  .  , 

7  Maximum  Velocities,  Bushkill  Creek . 

8  Rates  of  Rise  and  Duration,  Standard  Project  Flood 


CONTENTS  (Continued) 


PLATES 


Plate 

1 

2 

3-9 

10-13 

14 

15 


Figure 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


General  Map . 

Index  Map  -  Flooded  Areas 
Flooded  Areas 
High  Water  Profiles 
Selected  Cross  Sections 
Standard  Project  Flood  Hydrograph 


> 


J 


Opposite  Page  i 


At  the  end  of  the  report 


FIGURES 


Page 


Debris  along  Bushkill  Creek .  6 

Debris  along  Bushkill  Creek .  6 

Obstructions  along  Bushkill  Creek .  7 

Obstructions  along  Bushkill  Creek .  7 

Bushkill  Drive  during  summer  of  1955. .  13 

Bushkill  Drive  during  flood  of  18  - 19  August  1955 .  13 

Future  flood  heights  and  high  water  mark  at  Binney  and  Smith's 

Maintenance  Garage .  21 

Future  flood  heights  at  Bushkill  Park .  22 

Future  flood  heights  at  the  Stocker  Bros.  Dairy  in 

Zucksville,  Pennsylvania .  23 

Future  flood  heights  at  a  private  road  bridge  off 

Douglasville  Road .  24 


N 


-LIMIT  OF 
STUDY 


PLAIN  FIELD 
\  » 


Eatlonr'; 

/  A  ^ 

•AllentMn 


PHILLIPSBURG 

NEW 

% 

1  JERSEY 


PENNSYLVANIA 


Philadeiphio  • 


B  U  S  H  K  I  L  L 


VICINITY  MAP 

SCALE  IN  MILES 


MOO  RE 


.inazarethS 


UPPER 


NAZARETH 


1  LOWER 


LI  U  V  A  N  "  I  A 


'>  r 

I  w 

V—’,  % 

1  13 


/STOCI^RTOWN 
\TATAMY  Np  ^ 

A  \ 

j-  JZucln 


FORKS 


'(PALMER 


^  IZucksville 

\ 


\t^ 

cn 

a: 

V  . 

NAZARETH 


BETHLEHEM 


SOUTH  EASTON 


LEGEND 
U  S.  HIGHWAY 
STATE  HIGHWAY 

—  TOWNSHIP  OR  CITY  LIMITS 

—  COUNTY  LINE 
WATERSHED  BOUNDARY 


SCALE  IN  MILES 
_0 _ I 


DEPARTMENT  OF  THE  ARMY 
PHILADELPHIA  DISTRICT.  CORPS  OF  ENGINEERS 
PHILADELPHIA,  PENNSYLVANIA 

FLOOD  PLAIN  INFORMATION 
BUSHKILL  CREEK 

NORTHAMPTON  COUNTY,  PENNSYLVANIA 

GENERAL  MAP 

JANUARY  1*72 


PLATE  I 


PREFACE 


In  Northampton  County,  the  City  of  Easton  and  other  communities  are  sub¬ 
ject  to  flooding  by  Bushkill  Creek  and  Delaumre  River.  Commercial  and  residential  proper¬ 
ties  on  the  flood  plain  of  Bushkill  Creek  were  severely  damaged  by  a  flash  flood  on  July  9, 
1945.  Also,  the  area  in  the  City  of  Easton  near  the  confluence  of  Bushkill  Creek  and 
Delaware  River  suffered  severe  damage  from  the  flood  of  August  1955.  Above  the  City  of 
Easton,  there  is  an  extensive  area  on  the  Bushkill's  flood  plain  that  may  come  under  pres¬ 
sure  for  development.  Although  large  floods  have  occurred  in  the  past,  studies  indicate  that 
even  larger  floods  could  occur  in  the  future. 

This  report  has  been  prepared  because  a  knowledge  of  flood  potential  and 
flood  hazards  is  important  in  land  use  planning  and  for  management  decisions  concerning 
flood  plain  utilization.  It  includes  a  history  of  flooding  alor^  Bushkill  Creek  and  identifies 
those  areas  that  are  subject  to  possible  future  floods.  Special  emphasis  is  given  to  these 
possible  future  floods  through  maps,  photographs,  profiles,  and  cross  sections.  The  report 
does  not  provide  solutions  to  flood  problems;  however,  it  does  furnish  a  suitable  basis  for 
the  adoption  of  land  use  controls  to  guide  flood  plain  development  and  thereby  prevent  in¬ 
tensification  of  the  loss  problems.  It  will  also  aid  in  the  identification  of  other  flood  dam¬ 
age  reduction  techniques  such  as  works  to  modify  flooding  and  adjustments  including 
flood  proofing  which  might  be  embodied  in  an  overall  flood  plain  management  (FPM)  pro¬ 
gram.  Other  FPM  program  studies  -  those  of  environmental  attributes  and  the  current  and 
future  land  use  role  of  the  flood  plain  as  part  of  its  surroundings  -  would  also  profit  from 
this  information. 

Under  the  continuing  authority  provided  in  Section  206  of  the  1960  Flood 
Control  Act  as  amended,  this  report  was  prepared  in  response  to  the  request  of  the  Lehigh- 
Northampton  Counties  Joint  Planning  Commission  through  the  Pennsylvania  Department 
of  Environmental  Resources.  The  Planning  Commission  will  make  information  available  to 
all  interested  agencies  and  individuals.  Upon  further  request,  the  Corps  of  Engineers,  Phila¬ 
delphia  District  Office,  will  provide  technical  assistance  to  planning  agencies  in  the  inter¬ 
pretation  and  use  of  the  data  presented  as  well  as  planning  guidance  and  further  assistance, 
including  the  development  of  additional  technical  information. 


BACKGROUND  INFORMATION 


Settlement 

The  area  embraced  by  Northampton  County  was  first  settled  by  the  three  dif¬ 
ferent  tribes  of  the  Lenape  or  Delaware  Indians.  Northampton  County  was  opened  up  to 
the  settlers  by  the  notoriously  famous  Walking  Purchase  of  1737  wherein  William  Penn 
purchased  a  large  tract  of  land  in  Pennsylvania  from  the  Indians. 

Small  settlements  appeared  along  streams  and  rivers  because  travelling  by  the 
existing  waterways  was  much  easier  than  going  through  the  dense  wilderness.  An  abundance 
of  natural  resources  such  as  iron  ore,  anthracite  coal,  limestone  and  zinc  provided  the  eco¬ 
nomic  thrust  for  development.  The  opening  of  the  Delaware  and  Lehigh  Canals  provided  a 
close  link  between  Northampton  County  and  the  large  metropolitan  areas  on  the  eastern 
seaboard.  Transportation  facilities  and  proximity  to  the  large  cities  have  given  the  county  a 
distinct  industrial  advantage. 

Around  the  turn  of  the  century,  Bushkill  Creek  was  used  as  a  source  of  power 
for  industries  developing  along  the  flood  plain.  Some  of  these  original  industries  are  still 
located  on  the  flood  plain.  With  the  ever-increasing  expansion  of  this  part  of  the  Lehigh 
Valley,  many  of  these  industries  are  undertaking  new  building  programs.  New  I ndustries 
may  build  upon  the  flood  plain  because  of  available  land  and  existing  highway  and  rail  net¬ 
works.  With  the  attraction  of  industries  and  jobs,  people  are  moving  from  the  urbanized 
areas  to  aesthetically  pleasing  sites  along  the  banks  of  Bushkill  Creek. 


The  Stream  and  Its  Valley 

The  headwaters  of  Bushkill  Creek  originate  near  the  small  community  of  Kat- 
ellen,  Pennsylvania,  on  the  Northampton-Monroe  County  Line.  The  stream  meanders  its 
way  21.4  miles  southeastwardly  to  its  confluence  with  Delaware  River  at  Easton,  Pennsyl¬ 
vania.  A  watershed  area  of  79.6  square  miles  encompasses  Bushkill  Creek.  The  upper  reach' 
of  the  stream,  near  the  origin,  receives  runoff  from  the  wooded  slopes  of  Blue  Mountain, 
part  of  the  Appalachian  chain.  However,  most  of  the  runoff  comes  from  the  rolling  grass¬ 
lands,  cultivated  areas,  and  small  wood  lots  of  the  surrounding  agricultural  areas.  Near 
Easton,  Pennsylvania,  the  creek  flows  through  more  rugged  terrain,  picking  up  the  runoff 
from  industrial,  commercial,  and  residential  areas.  The  upper  and  middle  reach  of  the  Bush¬ 
kill  is  characterized  by  low  banks  with  adjacent  land  sloping  gently  to  them.  In  this  area, 
the  stream  slopes  at  an  average  rate  of  28  feet  per  mile.  On  the  lower  reach  near  Easton,  the 


stream  characteristics  vary  greatly.  The  Bushkill  is  confined  by  steep  banks,  man-made 
fills,  and  retaining  walls.  Sharp  breaks  in  alignment  and  rock  outcrops  on  the  stream  bed 
are  prevalent  in  this  area.  The  stream  slope  is  less  on  the  lower  reach,  averaging  21  feet  per 
mile.  Throughout  its  length,  the  Bushkill  has  brush  and  trees  overgrowing  the  streambed. 

The  climate  is  characterized  by  moderately  warm  summers,  with  tempera¬ 
tures  occasionally  rising  above  85  degrees,  and  cool  winters,  with  temperatures  dropping 
below  20  degrees.  The  annual  precipitation  over  the  watershed  averages  45  inches  including 
runoff  from  30  inches  of  snowfall. 


Drainage  areas  for  the  Bushkill  Creek  watershed  are  shown  in  Table  1 . 


TABLE  1 

DRAINAGE  AREAS 
BUSHKILL  CREEK 


Location 

Mileage 

Above 

Mouth 

Drainaoe  Area 
Tributary 

sq.  mi. 

.  (a> 

Total 

Junction  with  Little  Bushkill  Creek 

8.2 

17.5 

48.7 

Junction  with  Shoeneck  Creek 

5.8 

13.8 

65.9 

Junction  with  Unnamed  Tributary 

4.0 

1.5 

73.5 

Confluence  with  Delaware  River 

0.0 

79.6 

(a)  Drainage  areas  include  tributary  drainage. 


Developments  in  the  Flood  Plain 

Most  of  the  flood  plain  within  the  21.5  mile  study  reach  of  Bushkill  Creek  is 
undeveloped  land.  Some  areas  are  used  for  pasture  or  farming,  and  there  are  widely  scatter¬ 
ed  residential  and  commercial  structures. 

Proceeding  downstream,  the  first  major  development  of  the  flood  plain  is  a 
cement  plant  and  numerous  railroad  sidings  in  the  Borough  of  Stockertown.  Further  down¬ 
stream,  in  the  Borough  of  Tatamy,  development  includes  several  production  and  storage 
facilities  and  the  local  fire  department.  Below  Tatamy,  development  again  consists  of  scat¬ 
tered  residential  and  commercial  structures,  an  amusement  park,  and  several  industrial 
facilities. 


As  Bushkill  Creek  enters  the  City  of  Easton,  its  flood  plain  becomes  more  in¬ 
tensely  developed  with  numerous  commercial  and  industrial  firms.  Two  buildings  bridge 
the  creek  just  upstream  of  its  confluence  with  Delaware  River.  Throughout  its  length,  nine 
dams  stretch  across  Bushkill  Creek.  They  are  low-flow  type,  having  limited  storage  capacity 
and  no  significant  effect  on  floodflows. 

Railroads,  highways,  bridges,  and  utilities  that  are  located  on  the  flood  plain 
of  Bushkill  Creek  may  also  be  subject  to  flooding.  Further  development  of  the  flood  plain 
can  be  expected  to  occur  in  the  rural  and  suburban  areas  as  well  as  increased  growth  and  re¬ 
development  in  the  City  of  Easton. 


FLOOD  SITUATION 


Data  Sources  and  Records 

There  are  no  stream  gaging  stations  on  Bushkill  Creek.  The  United  States  Geo¬ 
logical  Survey  does  maintain  a  stream  gaging  station  on  the  Delaware  River  at  the  North¬ 
ampton  Street  bridge  in  Easton,  which  is  0.3  mile  downstream  from  the  confluence  of  Bush- 
kill  Creek  and  Delaware  River.  Since  flood  stages  on  Delaware  River  have  a  tremendous 
effect  on  the  lower  reaches  of  Bushkill  Creek,  which  includes  the  highly  developed  City  of 
Easton,  gage  information  available  for  Delaware  River  is  included  in  this  report. 

To  compile  information  on  past  flood  occurrences  and  stages  in  the  study  area, 
it  was  necessary  to  search  historical  documents,  newspapers  and  records;  also,  residents 
were  interviewed  for  their  personal  knowledge  and  experience  of  past  floods. 

Rainfall  records  for  particular  floods  in  this  area  are  very  limited,  due  to  rela¬ 
tively  recent  establishment  of  gaging  stations  compared  to  the  long  flood  history.  The 
closest  precipitation  gage  is  at  the  National  Weather  Service  Station  located  at  Phillipsburg, 
New  Jersey,  across  the  Delaware  River  from  Easton,  Pennsylvania.  Rainfall  occurrences 
and  measurements  from  this  station  are  found  in  Table  2. 


TABLE  2 

PRECIPITATION  AT  PHILLIPSBURG,  NEW  JERSEY 


Occurrence 

Amount  of 

Precioitation 

inches 

Time  Period 

December  1901 

7.22 

1  Month 

March  1902 

3.37 

1  Month 

October  9  -10,  1903 

7.21 

12  Hours 

July  10,  1945 

6.20 

3  Hours 

August  11-14,  1955 

7.24 

4  Days 

August  18  -  19,  1955 

6.01 

2  Days 

Maps  prepared  for  this  report  were  based  on  U.S.  Geological  Survey  quad¬ 
rangle  sheets  entitled  "Nazareth,  Pennsylvania",  1964;  "Easton,  New  Jersey-Pennsylvania", 
1956,  and,  "Wind  Gap,  Pennsylvania",  1960.  Structural  data  on  bridges  and  culverts  were 
obtained  by  field  surveys  performed  by  Corps  of  Engineers,  Philadelphia  District,  personnel. 


Flood  Season  and  Flood  Characteristics 

Floods  have  occurred  in  the  study  reaches  of  Bushkill  Creek  during  alt  seasons 
of  the  year  with  the  main  flood  seasons  being  the  spring  and  fall.  Significant  snowfall  run¬ 
off  and  heavy  rains  cause  the  spring  floods.  The  fall  floods  are  usually  caused  by  runoff 
from  general  rainfall  over  the  Bushkill  Creek  basin  on  ground  that  has  been  previously 
saturated.  General  rainfall  floods  are  typified  by  moderate  peaks,  low  velocities,  long  flood 
periods  and  moderate  volumes  of  runoff.  Local  thunderstorms  on  all  or  part  of  the  drain¬ 
age  basin  have  produced  some  damaging  flash  floods.  Floodflows  from  thunderstorms  are 
characterized  by  high  peaks,  high  velocities,  short  duration,  and  relatively  small  volume  of 
runoff.  The  greatest  flood  of  record  was  caused  by  severe  thunderstorms  with  torrential 
rains  over  the  drainage  basin. 

Flood  stages  on  Delaware  River  will  cause  a  backwater  effect  at  the  mouth  of 
Bushkill  Creek.  However,  general  rainfall  over  the  Bushkill's  drainage  basin  combined  with 
a  backwater  condition  will  produce  higher  flood  stages  than  normally  expected  on  the  low¬ 
er  reach  of  the  Bushkill.  On  numerous  occasions,  severe  flooding  and  damage  have  occurred 
in  the  City  of  Easton  due  to  this  combination  of  conditions. 


Factors  Affecting  Flooding  and  Its  Impact 

Obstructions  to  floodflows  -  Natural  obstructions  which  could  impede  flood- 
flows  in  floodway  areas  include  rocks,  outcroppings,  trees,  brush,  and  other  vegetation 
growing  along  the  stream  banks.  Man-made  encroachments  such  as  bridges,  dams,  culverts, 
dikes,  and  pipe  line  crossings  can  also  restrict  flows  and  create  more  extensive  flooding 
than  would  otherwise  occur.  Photographs  representative  of  the  obstructions  to  floodflows 
are  shown  in  Figures  1  and  2. 

During  floods,  trees  and  other  debris  may  be  broken  loose  and  carried  down¬ 
stream  to  collect  on  bridges  and  other  obstructions  to  flow.  The  accumulation  of  debris 
greatly  reduces  the  already  limited  capacity  of  obstructive  bridges  and  culverts,  resulting  in 
increased  flooding  upstream.  As  floodflows  increase,  masses  of  debris  may  be  dislodged  to 
surge  downstream  until  another  obstruction  is  encountered.  The  accumulation  of  debris 
against  a  bridge  may  impose  loads  exceeding  its  structural  capacity  and  cause  it  to  fail.  In 
addition,  erosion  of  culvert  entrances  and  bridge  approach  embankments  can  occur  with 
possible  damage  to  the  overlying  roadbed. 

In  general,  obstructions  intensify  the  flooding  situation  by  causing  overbank 
flows,  with  possible  damage  to  or  destruction  of  bridges  and  culverts,  flooding  in  unpredict¬ 
able  areas,  and  increasing  velocities  of  flow  immediately  downstream.  Because  the  extent 
or  location  of  the  accumulation  of  debris  is  impossible  to  predict,  it  was  necessary  to  as¬ 
sume,  for  the  purposes  of  this  report,  that  no  debris  would  accumulate  to  clog  any  of  the 
bridges  or  culvert  openings. 

The  nine  dams  located  on  Bushkill  Creek  have  no  flood  control  capacities  and 
they  will  not  significantly  alter  the  flow  of  floodwaters. 


Bushkill  Creek  is  spanned  by  45  bridges,  2  suspended  pipe  lines,  1  sluicebox, 
and  2  buildings.  Many  of  these  structures  are  obstructive  to  floodflows.  Illustrative  photo¬ 
graphs  are  shown  in  Figures  3  and  4.  Pertinent  information  on  those  bridges  and  other 
structures  which  are  obstructive  to  floodflows  can  be  found  in  Table  6  on  Page  18. 


Flood  damage  reduction  measures  -  There  are  no  existing  or  authorized  flood 
control  projects  on  Bushkill  Creek  nor  are  there  any  city  or  county  zoning  ordinances, 
building  codes,  or  other  regulatory  measures  specifically  for  the  reduction  of  flood  dam¬ 
ages.  The  City  of  Easton  has  become  eligible  for  Flood  Insurance  under  the  emergency  pro¬ 
gram  provided  by  the  Federal  Insurance  Administration  of  tht-  Department  of  Housing  and 
Urban  Development.  To  continue  eligibility,  the  City  will  be  required  to  pass  zoning  or¬ 
dinances  and  building  codes  which  will  affect  all  future  construction  in  the  flood  plain. 
These  regulations  will  limit  the  potential  damage  caused  by  flooding. 


Other  factors  and  their  impacts  -  Flood  damages  can  be  reduced  by  effective 
flood  warning  and  forecasting  and  by  implementing  flood  fighting  and  evacuation  plans. 


Flood  warning  and  forcasting  -  The  National  Weather  Service  Branch  of  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA)  maintains  year-round  surveil¬ 
lance  of  weather  conditions  at  Easton,  Pennsylvania.  Emergency  bulletins  on  anticipated 
severe  weather  conditions  and  possible  flooding  are  issued  at  regular  intervals  by  the  Nation¬ 
al  Weather  Service  to  city  officials,  radio  stations,  television  stations,  and  the  local  press 
media  for  further  dissemination  to  residents  of  the  area.  Some  industries  along  Bushkill 
Creek  maintain  their  own  private  stream  gages  in  order  to  initiate  flood  damage  reduction 
measures  at  the  proper  time.  When  flood  stages  are  forecasted  for  Bushkill  Creek  and/or 
Delaware  River,  local  and  Civil  Defense  officials  make  observations  of  the  river  stages  at 
various  locations. 


Flood  fighting  and  emergmcy  evacuation  plans  -  Although  there  are  no  for¬ 
mal  flood  fighting  or  emergency  evacuation  plans  for  the  Northampton  County  area,  provi¬ 
sions  for  alerting  area  residents  and  coordinating  operations  of  city  and  county  public  ser¬ 
vice  agencies  in  time  of  emergency  are  accomplished  through  the  Northampton  County  Civil 
Defense  Office.  This  office  maintains  communication  with  State  Civil  Defense  Head¬ 
quarters  and  the  National  Weather  Service  at  its  control  center.  During  earliest  stages  of  a 
flood  threat,  they  establish  a  flood  watch  along  Bushkill  Creek  and  Delaware  River. 


PAST  FLOODS 


Summary  of  Historical  Floods 

Bushkill  Creek  has  a  recorded  flood  history  dating  back  to  1777.  The  most 
severe  floods  of  record  occurred  on  the  following  dates;  January  8,  1841;  June  5,  1862; 
October  3,  1869;  December  16,  1901;  March  2,  1902;  October  10-11,  1903;  March  12, 
1936;  July  9,  1945;  and,  August  19, 1955. 

The  largest  flood  of  record  occurred  on  Bushkill  Creek  on  July  9,  1945.  The 
second  largest  flood  of  record,  which  affected  the  lower  reach  of  the  Bushkill,  occurred  on 
August  19, 1955.  The  third  largest  flood  of  record  also  occurred  on  the  lower  reach  of  Bush¬ 
kill  Creek  on  October  10-11,  1903,  but  the  flood  stage  was  five  feet  below  that  of  the 
August  19,  1955,  flood. 


Flood  Records 

Information  on  historical  floods  in  the  Easton  area  was  obtained  from  the 
stream  gaging  station  maintained  by  the  U.S.G.S.  at  the  Northampton  Street  bridge  across 
Delaware  River  in  Easton.  There  are  no  streamflow  records  for  Bushkill  Creek.  High  water 
marks  were  obtained,  residents  along  the  stream  were  interviewed,  and  newspaper  files  and 
historical  documents  were  searched  for  information  concerning  past  floods. 

Additional  information  used  in  the  report  concerning  floods  in  the  Easton  area 
due  to  flooding  of  Delaware  River  was  obtained  from  the  publication  of  the  U.S.G.S.  en¬ 
titled  "Floods  at  Easton,  Pennsylvania  -  Phillipsburg,  New  Jersey",  Hydrologic  Investiga¬ 
tions  Atlas  HA-246,  dated  1967. 

The  official  U.S.G.S.  gage  at  the  Northampton  Street  bridge  in  Easton  was 
initiated  in  1902.  However,  sufficiently  reliable  information  on  flood  elevations  prior  to 
1902  at  the  present  gage  site  is  available  and  is  included  in  Table  3. 


TABLE  3 

FLOOD  CREST  ELEVATIONS 
Delaware  River  at  Northampton  Street  Bridge  (a) 


Date  of  Crest 


Water  Surface  (b) 
Elevation 


October  27,  1777 

187.6 

May  9,  1781 

185.4 

February  19,  1783 

184.4 

March  17,  1785 

187.4 

October  4,  1 786 

185.4 

April  1,  1814 

184.4 

January  8,  1841 

184.3 

October  13,  1845 

178.4 

March  16,  1846 

179.8 

June  5,  1862 

184.3 

October  15,  1869 

180.3 

April  9,  1875 

179.3 

December  11, 1878 

183.8 

April  9,  1895 

179.3 

December  15-16, 1901 

186.9 

March  2,  1902 

185.3 

October  10-11,  1903 

193.5 

March  11,  1936 

187.8 

March  19,  1936 

188.2 

April  1,  1940 

181.4 

May  24,  1942 

183.2 

December  12,  1952 

180.8 

August  19, 1955 

199.1 

(a)  uses  Gage  No.  4470,  Northampton  Street  bridge,  Easton,  Pa. 

(b)  Feet,  mean  sea  level  datum.  Due  to  changes  in  the  datum  of  the  gage  from  1777  to 
1903,  all  stage  measurements  have  been  converted  to  actual  water  surface  eleva¬ 
tions. 


Flood  Descriptions 

3  October  1869  •  Information  based  on  newspaper  accounts  that  are  on  file  in 
the  Easton  Public  Library  indicate  that  a  general  rainfall  over  Bushkill  Creek,  Lehigh  and 
Delaware  River  basins  created  flooding  conditions  throughout  the  general  area. 


EXCERPTS  FROM  THE  EASTON  SENTINEL.  7  OCTOBER  1869,  (a) 
RELATIVE  TO  THE  FLOOD  OF  3  OCTOBER  1869 

A  Heavy  Rainstorm 

Great  Flood  in  All  Our  Rivers 

Immense  Destruction  of  Property 

Railroads  Damaged  and  Canals  Washed  Away 


Rain  commenced  falling  here  about 
midnight  Saturday  night  last,  and  continued, 
without  intermission,  until  about  seven 
o'clock  on  Monday  morning.  The  Delaware 
I.ehigh,  Bushkill  and  other  smaller  streams  in 
this  vicinity ,  commenced  rising  durlngSunday 
night,  and  by  noon  on  Monday  they  pre¬ 
sented  more  the  appearance  of  rushing,  roar¬ 
ing,  seething  cataracts  than  quiet,  modest 
rivers  and  rivulets. 


The  Bushkill  was  perfectly  furious  dur¬ 
ing  Sunday  night  and  Monday  morning  and 
made  a  clean  sweep  of  everything  along  its 
banks,  causing  a  greater  destruction  of  pro¬ 
perty  than  it  has  done  at  any  one  time  since 
what  is  remembered  as  the  "hog  freshet” 
which  occurred  more  than  thirty  years  ago, 
and  was  called  the  hog  freshet  from  the  vast 
number  of  hogs  that  were  carried  away  from 
the  numerous  distilleries  that  then  lined  its 
banks. 


EXCERPT  FROM  THE  EASTON  WEEKLY  ARGUS.  7  OCTOBER  1869,  (a) 
RELATIVE  TO  THE  FLOOD  OF  3  OCTOBER  1869 


Freshet  in  the  Bushkill  -  This  stream 
was  never  known  to  be  so  high  even  by  the 
“Oldest  Inhabitant”.  The  Cemetery  bridge 
was  swept  away  during  the  night  and  the 
arch  bridge  near  Butz’s  Mills  is  choked  up 
with  lumber  and  driftwood  and  in  great 
danger  of  being  carried  away.  Mr.  Uhler  lost 


three  valuable  rafts  washed  out  of  the  mouth 
of  the  stream  into  the  Delaware.  TTie  low¬ 
lands  along  the  stream  are  under  water  and 
the  pumpkins  are  taking  a  trip  by  water  in 
great  profusion. 


9  July  1945  -  The  most  severe  flood  in  the  history  of  Bushkill  Creek  occurred 
on  9  July  1945.  Severe  summer  thunderstorms  accompanied  by  torrential  rainfall  caused 
much  property  damage,  loss  of  life,  building  destruction,  and  interruption  of  utility  services. 
The  magnitude  of  this  flood  was  somewhere  between  the  Intermediate  Regional  Flood  and 
the  Standard  Project  Flood.  The  following  newspaper  excerpts  provide  a  graphic  description 
of  this  flood: 


la)  Simulated  from  newspaper  clippings 


10 


r 


EXCERPTS  FROM  THE  EASTON  EXPRESS,  10  JULY  1945,  (a) 
RELATIVE  TO  THE  FLOOD  OF  9  JULY  1945 


Hie  rainfall  in  the  three  hour  deluge, 
which  atarted  heavily,  about  8  p.m.  totalled 
6.2  inches,  more  than  one-seventh  of  a  year’s 
average. 

A  number  of  campers  and  motorists 
in  the  section  between  Aluta  and  Belfast  had 
close  calls  last  night  during  the  severe  elec¬ 
trical  storm  as  Bushkill  Creek  was  turned  into 
a  raging  torrent  by  the  cloudburst,  a  number 
of  bridges  being  swept  away. 

'Hie  heaviest  damage  on  the  Pennsyl¬ 
vania  side  of  the  river  was  caused  to  indus¬ 
tries  and  homes  along  Bushkill  Creek,  which 
surged  upward  on  what  was  believed  the 
worst  flash  flood  in  that  stream's  history.  At 
some  points,  the  creek  rose  10  feet  in  two 
hours. 

The  creek  for  miles  was  lined  with 
jagged  lumber  testifying  to  the  damage  done 
to  the  houses  and  other  structures  above, 
dozens  of  which  must  have  been  washed  a- 
way.  Many  cars  were  washed  away,  some  of 
which  were  seen  lying  In  or  along  the  creek, 
or  jammed  against  trees. 

Bushkill  Park,  with  water  still  flowing 
through  it  late  this  morning,  appeared  sever¬ 
ely  damaged.  Cottages  above  the  park,  as  well 
as  those  in  the  park,  were  washed  away,  or 
twisted  wreckage.  Park  concessions  and  a- 
mu.sements  all  appeared  wrecked 


A  group  of  25  Girl  Scouts  from  Beth¬ 
lehem  and  10  adult  attendants  and  advisors 
had  narrow  escapes  from  being  swept  into 
the  angry  waters  of  Bushkill  Creek  at  the 
famous  old  camping  grounds  at  Henry’s 
Woods.  For  more  than  five  hours  the  party 
was  marooned  there,  the  raging  stream  which 
grew  rapidly  from  a  meandering  brook  into  a 
rampaging  river  making  it  impossible  for  men 
or  boats  to  get  at  the  group. 

Considerable  damage  was  done  to  bridg¬ 
es  across  the  Bushkill,  most  of  whidi  are 
owned  by  Northampton  County.  Front  Street 
bridge  was  broken  in  two,  with  the  main 
pier  apparently  undermined. 

I^lroad  traffic  was  delayed  by  wash¬ 
outs  and  damaged  bridges.  Many  automo¬ 
biles,  caught  in  deep  water,  were  washed  for 
some  distance. 

Another  sanitary  sewer  to  suffer  was 
the  main  trunk  line  from  West  Ward  and 
Wilson  Borough,  which  snapped  off  where 
it  crosses  Bushkill  Creek  on  a  bridge  above 
the  dam  near  Dietrich  Road.  Hie  bridge  was 
not  washed  away,  but  it  appeared  bent,  and 
was  jammed  with  wreckage. 

At  its  height,  the  Bushkill  flood  reach¬ 
ed  the  coping  of  the  bridge  west  of  4th  Street. 


18  19  August  1955  ■  Many  damaging  floods  on  the  lower  Bushkill  were  caused 
by  a  combination  of  rainfall  on  the  Bushkill's  watershed  and  a  backwater  condition  from 
peak  flood  stages  on  the  Delaware  River.  In  August  1955,  the  secorKi  most  severe  flood  of 
record  was  caused  by  this  combination  of  conditions.  Torrential  rains  of  Hurricane  Diane, 
preceded  one  week  before  by  the  heavy  rainfall  of  Hurricane  Connie,  caused  a  flood  disaster 
on  the  entire  east  coast  of  the  Uniteu  States.  Severe  flood  damage  and  destruction  occurred 
on  the  flood  plain  of  Bushkill  Creek  in  the  City  of  Easton.  The  following  special  report  and 
newspaper  excerpts  vividly  describe  this  flood  event; 


EXCERPTS  FROM  THE  EASTON  EXPRESS,  19  AUGUST  1955  (a| 


Bushkill  Creek,  which  had  its  own 
damaging  flood,  was  being  backed  by  Dela¬ 
ware  into  portions  of  downstream  Easton  by 
mid-day 

On  Bushkill  SI  Water  had  reached 
Second  St.  and  covered  the  entrance  to  the 
Lehigh  Valley  Thruway. 

Many  bridges  were  knocked  out  along 
surging  creeks,  and  several  important  river 
bridges  were  closed.  Low  level  area  high 
ways  were  closed, 
lal  Simulated  from  nevvspaper  clippings 


Boats  manned  by  members  of  the 
chapter's  (referring  to  Easton  Chapter  of 
Red  Cross)  disaster  committee  spent  the  en¬ 
tire  day  evacuating  families.  The  homeless 
were  for  the  most  part  residents  of  South 
Third  St.  vicinity,  Bushkill  Drive  and  North 
Delaware  Avenue. 

Bushkill  Creek  receded  rapidly  yester¬ 
day  after  ripping  its  valley  savagely  Hiursday 
night  with  a  flood  approaching  its  1945  level. 
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Last  night,  the  creek  from  the  section 
below  Dietrich  Road  was  backed  up  to  an 
unprecedented  level  by  the  booming  Dela¬ 
ware  Flood.  Bushkill  Drive  was  under  water 
most  of  the  way  from  cemetery  bridge.  The 


water  completely  covered  the  dam  near  Die¬ 
trich  Rd.  All  houses  and  industries  near  the 
creek  below  Lehigh  Valley  Thruway  crossing 
were  entered. 


EXCERPTS  FROM  A  SPECIAL  REPORT  ENTITLED 
"DIANE  DROWNS  DELAWARE  VALLEY" 

18  - 19  AUGUST  1955 

PUBLISHED  BY  THE  EASTON  EXPRESS,  EASTON,  PA, 


The  week  preceding  the  disastrous  days 
of  August  18  and  19,  1955,  were  filled  with 
fog,  drizzle,  and  drenching  rain.  The  swollen 
rivers  and  streams  received  on  August  18 
varied  additional  rainfall  of  12  to  19  inches 
from  Hurricane  Diane’s  outer  fringe.  The  sat¬ 
urated  soil  could  absorb  no  more  of  the 
downpour. 

Gentle  rivers  and  streams  became  surg¬ 
ing  monsters  that  devoured  all  in  their  path. 
Bridges,  roads,  railroads,  and  buildings  were 


swept  away.  Hurricane  Diane  delivered  the 
Delaware  Valley  one  of  its  worst  disasters. 
More  than  100  lives  were  lost  and  damages 
past  the  100  million  dollar  mark.  The  devis- 
tation  was  so  great  that  the  President  de¬ 
clared  the  afflicted  region  a  “major  disaster 
area”. 

President  Eisenhower  flew  over  the 
stricken  area  and  directed  the  Federal  Civil 
Defense  Administration  to  initiate  emergency 
flood  relief  measures. 


Figures  5  and  6  provide  an  unusual  opportunity  to  compare  a  site  before  and 
during  a  flood. 


1 

1 
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FUTURE  FLOODS 


Floods  of  the  same  or  larger  magnitude  as  those  that  have  occurred  in  the  past 
could  occur  in  the  future.  Larger  floods  have  been  experienced  in  the  past  on  streams  with 
similar  geographical  and  physiographical  characteristics  as  those  found  in  the  study  area. 
Similar  combinations  of  rainfall  and  runoff  which  caused  these  floods  could  occur  in  Bush- 
kill  Creek,  Easton  area.  Therefore,  to  determine  the  flooding  potential  of  the  study  area,  it 
was  necessary  to  consider  storms  and  floods  that  have  occurred  in  regions  of  like  topo¬ 
graphy,  watershed  cover  and  physical  characteristics.  Discussion  of  the  future  floods  in  this 
report  is  limited  to  those  that  have  been  designated  as  the  Intermediate  Regional  Flood  and 
the  Standard  Project  Flood.  The  Standard  Project  Flood  represents  a  reasonable  upper 
limit  of  expected  flooding  in  the  study  area.  The  Intermediate  Regional  Flood  may  reason¬ 
ably  be  expected  to  occur  more  frequently  although  it  will  not  be  as  severe  as  the  infrequent 
Standard  Project  Flood. 


Intermediate  Regional  Flood 

The  Intermediate  Regional  Flood  is  defined  as  one  that  could  occur  once  in 
100  years  on  the  average,  although  it  could  occur  in  any  year.  The  peak  flow  of  this  flood 
was  developed  from  statistical  analyses  of  streamflow  records,  precipitation  records,  and 
runoff  characteristics  of  a  watershed  with  similar  physiographical  features.  In  determining 
the  Intermediate  Regional  Flood  for  Bushkill  Creek,  statistical  studies  were  made  using 
data  from  U.S.G.S.  gaging  stations  on  other  streams  throughout  the  Easton-Allentown, 
Pennsylvania,  area.  Peak  flows  from  the  Intermediate  Regional  Flood  at  selected  locations 
on  Bushkill  Creek  are  shown  in  Table  4  on  Page  15.  Water  surface  elevations  for  the  Inter¬ 
mediate  Regional  Flood  at  the  same  locations  on  Bushkill  Creek  are  shown  in  Table  5  on 
Page  16. 


Standard  Project  Flood 

The  Standard  Project  Flood  is  defined  as  a  major  flood  that  can  be  expected 
to  occur  from  a  severe  combination  of  meteorological  and  hydrological  conditions  that  is 
considered  reasonably  characteristic  of  the  geographical  area  in  which  the  study  area  is  lo¬ 
cated,  excluding  extremely  rare  combinations.  The  Corps  of  Engineers,  in  cooperation  with 
the  NOAA  Weather  Service,  has  made  comprehensive  studies  and  investigations  based  on  the 
past  records  of  experienced  storms  and  floods  and  has  developed  generalized  procedures 
for  estimating  the  flood  potential  of  streams.  Peak  discharges  for  the  Standard  Project  Flood 
at  selected  locations  on  Bushkill  Creek  are  shown  in  Table  4.  Water  surface  elevations  for 
the  Standard  Project  Flood  at  the  same  locations  on  Bushkill  Creek  are  shown  in  Table  5 
on  Page  16.  Discharge  hydrographs  for  the  Standard  Project  Flood  above  little  Bushkill 
Creek  and  above  Shoeneck  Creek  are  shown  on  Plate  15.  The  water  surface  profiles  for  the 
Intermediate  Regional  Flood  and  the  Standard  Project  Flood  are  shown  on  Plates  10 
through  13. 
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TABLE  4 


1 


PEAK  FLOWS  FOR  INTERMEDIATE  REGIONAL  AND 
STANDARD  PROJECT  FLOODS 


Locations 

Mileage 

Above 

Mouth 

Intermediate 

Regional 

Flood 

Discharoe 

cfs 

Standard 

Project 

Flood 

Discharoe 

cfs 

U.S.  Rt.  22  Bridge 

0.45 

10,000 

24,500 

Bushkill  Drive  Bridge 

0.5 

10,000 

24,500 

Bushkill  Drive  Bridge 

1.0 

10,000 

24,500 

Sanitary  Sewer  Line 

1.2 

10,000 

24,500 

13th  Street  Bridge 

2.2 

9,700 

23,000 

Lehigh  Valley  R.R. 

3.8 

9,700 

23,000 

Bridge 

Bushkill  St.  Bridge 

7.1 

7,200 

17,000 

(Tatamy,  Pa.) 

Lehigh  Valley  R.R. 

8.2 

7,200 

17,000 

Bridge  (Stockertown, 

Pa.) 

8th  Street  Bridge 

8.5 

5,100 

11,500 

(Stockertown,  Pa.) 

During  the  flood  of  July  9,  1945,  a  reconnaissance  team  of  the  U.S.  Army 
Corps  of  Engineers,  Philadelphia  District,  recorded  high  water  elevations  at  various  crossing 
sites  on  Bushkill  Creek.  Table  5  shows  a  flood  elevation  comparison  between  the  July  1945 
Flood,  the  Intermediate  Regional  Flood,  and  the  Standard  Project  Flood  at  these  sites.  It 
is  important  to  note  that  in  several  locations  the  July  9,  1945,  water  surface  elevation  is 
shown  greater  than  that  estimated  for  the  Intermediate  Regional  or  the  Standard  Project 
Floods.  This  can  be  attributed  to  the  fact  that  the  structures  were  clogged  with  debris, 
causing  higher  water  surface  elevations  when  the  measurements  were  taken. 


15 


-  -A. 


TABLE  5 

FLOOD  ELEVATIONS 


Location 


Mileage 

Above 

Mouth 


Water  Surface  Elevation 


July  9,  1945 
Flood 


Intermediate 

Regional 

Flood 


Ja) 

Standard 

Project 

Flood 


U.S.  Rt.  22  bridge 

0.45 

186.3 

204.6 

207.2 

Bushkill  Drive  bridge 

0.5 

187.9 

204.6 

207.2 

Bushkill  Drive  bridge 

1.0 

199.0 

204.6 

207.2 

Suspended  Sanitary  Sewer 

Line 

1.2 

206.8 

204.6 

207.2 

13th  St.  bridge 

2.2 

225.0 

216.0 

225.7 

Lehigh  Valley  R.R.  bridge 

3.8 

255.6 

247.6 

258.4 

Bushkill  St.  bridge 
(Tatamy,  Pa.) 

7.1 

316.4 

311.1 

315.1 

Lehigh  Valley  R.R.  bridge 
(Stockertown,  Pa.) 

8.2 

340.5 

341.4 

346.3 

8th  St.  bridge 

8.5 

349.2 

342.6 

347.2 

(Stockertown,  Pa.) 


(a)  Feet,  mean  sea  level  datum. 


Frequency 

A  frequency  curve  of  flow  versus  recurrence  interval  was  constructed  on  the 
basis  of  computed  flows  up  to  and  including  the  Intermediate  Regional  Flood.  The  fre¬ 
quency  curve  thus  derived,  which  is  available  on  request,  reflects  the  judgment  of  engin¬ 
eers  who  have  studied  the  area  and  are  familiar  with  the  region;  however,  it  must  be  re¬ 
garded  as  approximate  and  should  be  used  with  caution  in  connection  with  any  planning 
of  flood  plain  use.  Floods  larger  than  the  Standard  Project  Flood  are  possible  but  the  com¬ 
bination  of  factors  necessary  to  produce  such  large  flows  would  be  extremely  rare. 


Hazards  of  Large  Floods 

The  extent  of  damage  caused  by  any  flood  depends  on  the  topography  of  the 
area  flooded,  developments  in  the  flood  plain,  depth  and  duration  of  flooding,  velocity  of 
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flow,  and  rate  of  rise.  An  Intermediate  Regional  Flood  or  Standard  Project  Flood  on  Bush- 
kill  Creek  would  result  in  inundation  of  residential,  commercial,  and  industrial  areas  in  the 
City  of  Easton  and  the  smaller  communities  located  upstream.  Floodwater,  flowing  at  high 
velocity  and  carrying  floating  debris,  could  create  hazardous  conditions  for  persons  or  ve¬ 
hicles  attempting  to  cross  flood  areas.  Specifically,  floodwater  that  is  three  or  more  feet 
deep  and  flows  at  a  velocity  of  three  or  more  feet  per  second  could  easily  sweep  an  adult 
person  off  his  feet;  this  creates  a  definite  danger  of  injury  or  drowning.  Rapidly  rising  and 
swiftly  flowing  water  may  trap  persons  in  homes  that  are  ultimately  destroyed  or  in  ve¬ 
hicles  that  are  ultimately  submerged  or  floated.  Water  lines  can  be  ruptured  by  deposits  of 
debris  or  the  force  of  floodwaters,  thus  creating  the  possibility  of  loss  or  contamination  of 
domestic  water  supplies.  Health  hazards  could  be  caused  by  pollution  from  damaged  sani¬ 
tary  sewer  lines  and  sewage  treatment  plants.  Isolation  of  areas  by  floodwater  could  create 
hazards  in  terms  of  medical,  fire,  or  law  enforcement  emergencies. 

Flooded  areas  and  flood  damages  -  The  areas  along  Bushkill  Creek  that  would 
be  flooded  are  shown  on  Plate  2,  which  is  also  an  index  map  to  Plates  3  through  9.  Areas 
that  would  be  flooded  by  the  Intermediate  Regional  and  Standard  Project  Floods  are  shown 
in  detail  on  Plates  3  through  9.  The  actual  limits  of  these  overflow  areas  may  vary  some¬ 
what  from  those  shown  on  the  maps  because  the  20-foot  contour  interval  and  scale  of  the 
maps  do  not  permit  precise  plotting  of  the  flooded  area  boundaries.  As  may  be  seen  from 
these  plates,  floodflows  from  Bushkill  Creek  and  Delaware  River  cover  a  large  portion  of 
Easton  and  other  communities  in  the  area.  The  areas  that  would  be  flooded  by  the  Inter¬ 
mediate  Regional  and  Standard  Project  Floods  include  commercial,  industrial,  and  resi¬ 
dential  sections  and  the  associated  Streets,  roads,  and  private  and  public  utilities  in  Easton 
and  the  smaller  communities  of  Tatamy  and  Stockertown.  Considerable  damage  to  these 
facilities  would  occur  during  an  Intermediate  Regional  Flood.  However,  due  to  the  wider 
extent,  greater  depths  of  flooding,  higher  velocity  flow  and  longer  duration  of  flooding 
during  a  Standard  Project  Flood,  damage  would  be  more  severe  than  during  an  Intermediate 
Regional  Flood.  Plates  10,  11,  12,  and  13  show  water  surface  profiles  of  the  Intermediate 
Regional  and  Standard  Project  Floods.  Depth  of  flow  in  the  channel  can  be  estimated  from 
these  illustrations.  Typical  cross  sections  of  the  flood  plain  at  selected  locations  together 
with  the  water  surface  elevation  and  lateral  extent  of  the  Intermediate  Regional  and  Stan¬ 
dard  Project  Floods  are  shown  on  Plate  14. 

Obstructions  -  During  floods,  a  debris  collection  at  bridges  or  culverts  could 
restrict  floodflow  and  cause  greater  water  depths  (backwater  effect)  upstream  of  structures. 
Since  the  occurrence  and  amount  of  debris  are  indeterminate  factors,  only  the  physical 
characteristics  of  the  structures  were  considered  in  preparing  profiles  of  the  Intermediate 
Regional  and  Standard  Project  Floods.  Similarly,  maps  of  the  flooded  areas  show  the  back¬ 
water  effect  of  obstructive  bridges  and  culverts,  but  do  not  reflect  increased  water  surface 
elevation  that  could  be  caused  by  debris  collecting  against  the  structures.  As  previously  in¬ 
dicated,  the  9  low  dams  within  the  study  area  have  no  flood  control  capacities  nor  will 
they  seriously  alter  flow  characteristics  of  floodwaters.  Many  of  the  crossings,  such  as 
bridges,  pipelines,  and  the  sluice  box,  are  obstructive  to  the  Intermediate  Regional  Flood. 
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A  greater  number  are  obstructive  to  theStandard  Project  Flood.  In  some  cases,  bridges  may 
be  high  enough  that  they  are  not  inundated  by  floodflows;  but  the  approaches  at  lower  ele¬ 
vations  may  be  flooded  and  render  the  bridge  impassable.  Table  6  lists  water  surface  eleva- 
vations  at  selected  bridges  and  culverts  that  may  be  restrictive  during  floodflows. 


TABLE  6 

ELEVATION  DATA 
Bridges  Across  Bushkill  Creek 


Water  Surface  Elevation 


Identification 

Mileage 

Above 

Mouth 

Underclearance 
Elevation  (3) 

Intermediate 

Regional 

Flood 

Standard 

Project 

Flood 

North  Riverside  Dr. 

0.04 

187.3 

204.6 

207.2(^> 

North  3rd  St.,  Easton 

0.24 

178.4 

204.6 

207.2(b) 

U.S.  Rt.  22 

0.47 

192.3 

204.6 

207.2(b) 

Bushkill  Dr. 

0.48 

182.4 

204.6 

207.2(b) 

Bushkill  Dr. 

0.98 

192.2 

204.6 

207.2(b) 

Lehigh  Valley  R.R. 

1.76 

208.5 

204.7 

213.4 

13th  St.,  Easton 

2.16 

217.3 

216.0 

225.7 

Private  Rd.  to  Pfizer  Co. 

2.32 

217.4 

218.0 

228.6 

Private  Rd.  to  Binney  &  Smith  Co. 

2.69 

230.2 

232.9 

241.2 

Edgewood  Ave. 

3.23 

237.1 

243.2 

251.3 

Lehigh  Valley  R.R. 

3.79 

250.1 

247.6 

258.4 

Bushkill  Dr.  West 

4.13 

253.6 

253.8 

261.8 

Lehigh  Valley  R.R. 

4.56 

259.5 

258,7 

265.5 

Northwood  Ave. 

4.92 

262.6 

263,0 

269.8 

Stocker  Mill  Rd.,  Zucksville 

5.45 

266.6 

272.7 

277.6 

Private  Rd. 

5.78 

278.7 

278.2 

284.9 

Iron  Bridge,  Abandoned 

6.03 

287.1 

283.2 

288.4 

Newlin  Rd. 

6.33 

292.6 

295.4 

300.4 

Bushkill  Dr.,  Tatamy 

7.12 

311.8 

311,1 

315.1 

Main  St.,  Tatamy 

7.58 

322.8 

327.1 

329.8 

Lehigh  Valley  R.R. 

8.24 

330.9 

341.4 

346.3 

8th  St.,  Stockertown 

8.50 

342.8 

342.6 

347.2 

Center  St. 

9.35 

365.1 

366.5 

372.3 

Pa.  Rt.  191,  Relocated 

9.44 

370.0 

369.7 

377.0 

Erie  &  Lackawanna  R.R. 

9.88 

387.2 

383.5 

387.4 

Old  File  Town  Rd. 

10.96 

408.0 

408.5 

411.9 

Henry  Rd.,  Belfast 

11.44 

420.2 

420.1 

424.1 

Belfast  Rd. 

12.31 

439.8 

439.7 

441.5 

Jacobsville  Rd. 

13.08 

465.5 

4635 

468.8 

Douglasville  Rd. 

14.15 

482.4 

485.7 

488.8 

Aluta  Mill  Rd. 

14.68 

497.1 

497.6 

501.7 

Aluta  Mill  Rd. 

15.34 

515.2 

514.7 

517.0 

Bushkill  Center  Rd. 

15.64 

521.4 

515.6 

519.8 

Private  Rd. 

16.63 

538.2 

542.5 

544.7 

Clearfield  Rd. 

16.93 

548.7 

547.1 

553.2 

Hahn  Rd. 

17.33 

561.9 

558.6 

562.3 

Creamery  Rd. 

18.12 

588.1 

587.5 

588.1 

Pa.  Rt.  512,  Moorestown 

18.97 

613.7 

612.0 

614.9 

Abandoned  Bridge 

18.99 

613.5 

613.7 

617.4 
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TABLE  6  (Continued) 

ELEVATION  DATA 
Bridges  Across  Bushkill  Creek 


Water  Surface  Elevetion 


Identification 

Mileage 

Above 

Mouth 

Underclearance 
Elevation  le) 

Intermediate 

Regional 

Flood 

Standard 

Project 

Flood 

Bushkill  Center  Rd. 

19.89 

646.2 

648.6 

650.1 

Copella  Rd. 

19.97 

652.2 

652.8 

653.0 

Private  Rd.  -  Culverts 

21.02 

699.0 

701.0 

701.6 

Mountain  Rd. 

21.21 

701.9 

702.7 

705.2 

(a)  Feet,  mean  sea  level  datum. 

(b)  High  water  is  caused  by  flooding  on  Delaware  River  for  the  Intermediate  Regional  Flood  and  the  Standard 
Project  Flood. 


Velocities  of  flow  -  Water  velocities  during  floods  depend  largely  on  the  size 
and  shape  of  the  cross  sections,  conditions  of  the  stream,  and  the  bed  slope,  all  of  which 
vary  on  different  streams  and  at  different  locations  on  the  same  stream.  During  an  Inter¬ 
mediate  Regional  Flood,  velocities  of  main  channel  flow  in  the  middle  reaches  of  the  stream 
in  the  study  area  would  be  7  to  9  feet  per  second.  Water  flowing  at  this  rate  is  capable  of 
causing  severe  erosion  to  streambanks  and  fill  around  bridge  abutments.  Such  a  flow  is  also 
capable  of  transporting  large  objects.  In  the  lower  and  upper  reaches,  the  velocities  would 
be  somewhat  lower  averaging  2  to  5  feet  per  second.  It  is  expected  that  velocity  of  flow 
during  a  Standard  Project  Flood  would  be  slightly  higher  than  during  an  Intermediate  Re¬ 
gional  Flood.  Overbank  flow  along  Bushkill  Creek  would  average  1  to  5  feet  per  second. 
Water  flowing  at  2  feet  per  second  or  less  would  deposit  debris  and  silt.  Table  7  lists  the 
maximum  velocities  that  would  occur  in  the  main  channel  and  overbank  areas  of  Bushkill 
Creek  during  the  Intermediate  Regional  and  Standard  Project  Floods. 

TABLE  7 

MAXIMUM  VELOCITIES 
BUSHKILL  CREEK 


Location 

Mileage 

Above 

Mouth 

Flood 

Maximum  Velocities 
Channel  Overbank 
ft  per  second 

Near  Mouth 

.01 

Intermediate  Regional 

4.5 

2.9 

Standard  Project 

10.9 

6.9 

Above  Shoeneck  Creek 

5.77 

Intermediate  Regional 

3.9 

1.7 

Standard  Project 

5.5 

2.8 

Above  Little  Bushkill 

8.22 

Intermediate  Regional 

8.9 

3.8 

Creek 

Standard  Project 

11.2 

5.5 

Downstream  Unnamed 

16.50 

Intermediate  Regional 

6.9 

3.2 

Tributary 

Standard  Project 

8.8 

4.5 
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TABLE  7  (Continued) 


MAXIMUM  VELOCITIES 
BUSHKILL  CREEK 


Mileage 

Maximum  Velocities 

Location 

Above 

Mouth 

Flood 

Channel  Overbank 
ft.  per  second 

Above  Unnamed  Tributary 

17.89 

Intermediate  Regional 

2.2 

1.0 

Standard  Project 

4.0 

1.9 

Above  Unnamed  Tributary 

20.20 

Intermediate  Regional 

3.1 

1.3 

Standard  Project 

4.3 

1.9 

Rates  of  rise  and  duration  of  flooding  -  The  July  9,  1945,  flood  was  one  of 
several  flash  floods  experienced  along  Bushkill  Creek  due  to  intense  rainfalls  that  accom¬ 
pany  severe  storm  fronts.  Most  floods,  however,  resulted  from  a  series  of  rainfalls,  with 
flood  waters  rising  slowly  and  remaining  out  of  banks  for  many  hours.  The  City  of  Easton 
generally  is  subject  to  flooding  from  these  general  rainfall  floods  occurring  on  Delaware 
River.  For  the  Standard  Project  Flood  on  Bushkill  Creek,  Table  8  gives  the  maximum  rate 
of  rise,  height  of  rise  (from  1  year  flow  level  to  maximum  floodflow  level),  time  of  rise, 
and  duration  of  flooding  for  two  locations. 


TABLE  8 

RATE  OF  RISE  AND  DURATION 
STANDARD  PROJECT  FLOOD 


Location 

Maximum 
Rate  of 
Rise 

Height 

of 

Rise 

Time 

of 

Rise 

Duration 

of 

Floodina 

ft/hr. 

ft. 

hrs. 

hrs. 

Above  confluence  with 

Little  Bushkill  Creek  at 
Stockertown 

1,4 

9.5 

12 

36 

Above  confluence  with 

Shoeneck  Creek 

1.6 

9.0 

14 

40 

Photographs,  future  flood  heights  -  The  levels  that  the  Intermediate  Regional 
and  Standard  Project  Floods  are  expected  to  reach  at  various  locations  in  Northampton 
County  are  indicated  on  the  following  photographs. 


1 


FIGURE  7  -  Future  flood  heights  and 
July  9,  1945,  high  water 
mark  at  Binney  and  Smith's 
Maintenance  Garage  in 
Easton,  Pa, 


FIGURE  8  -  Future  flood  heights  at 
Bushkill  Park, 


GLOSSARY 


Backwater.  The  resulting  high  water  surface  in  a  given  stream  due  to  a  down¬ 
stream  obstruction  or  high  stages  in  an  intersecting  stream. 

Flood.  An  overflow  of  lands  not  normally  covered  by  water  and  that  are  used 
or  usable  by  man.  Floods  have  two  essential  characteristics;  The  inundation  of  land  is  tem¬ 
porary;  and  the  land  is  adjacent  to  and  inundated  by  overflow  from  a  river,  stream,  ocean, 
lake,  or  other  body  of  standing  water. 

Normally  a  "flood”  is  considered  as  any  temporary  rise  in  streamflow  or  stage, 
but  not  the  pondingof  surface  water,  that  results  in  significant  r  dverse  effects  in  the  vicinity. 
Adverse  effects  may  include  damages  from  overflow  of  land  areas,  temporary  backwater 
effects  in  sewers  and  local  drainage  channels,  creation  of  unsanitary  conditions  or  other  un¬ 
favorable  situations  by  deposition  of  materials  in  stream  channels  during  flood  recessions, 
rise  of  ground  water  coincident  with  increased  streamflow,  and  other  problems. 

Flood  Crest.  The  maximum  stage  or  elevation  reached  by  the  waters  of  a  flood 
at  a  given  location. 

Flood  Plain.  The  areas  adjoining  a  river,  stream,  watercourse,  ocean,  lake  or 
other  body  of  standing  water  that  have  been  or  may  be  covered  by  floodwater. 

Flood  Profile.  A  graph  showing  the  relationship  of  water  surface  elevation  to 
location,  the  latter  generally  expressed  as  distance  above  mouth  for  a  stream  of  water  flow 
ing  in  an  open  channel.  It  is  generally  drawn  to  show  surface  elevation  for  the  crest  of  a 
specific  flood,  but  may  be  prepared  for  conditions  at  a  given  time  or  stage. 


Flood  Stage.  The  stage  or  elevation  at  which  overflow  of  the  natural  banks  of 
a  stream  or  body  of  water  begins  in  the  reach  or  area  in  which  the  elevation  is  measured. 


Hurricane.  An  intense  cyclonic  windstorm  of  tropical  origin  in  which  winds 
tend  to  spiral  inward  in  a  counterclockwise  direction  toward  a  core  of  low  pressure,  with 
maximum  surface  wind  velocities  that  equal  or  exceed  75  miles  per  hour  (65  knots)  for 
several  minutes  or  longer  at  some  points.  Tropical  storm  is  the  term  applied  if  maximum 
winds  are  less  than  75  miles  per  hour. 

Hydrograph.  A  graph  showing  flow  values  against  time  at  a  given  point,  usually 
measured  in  cubic  feet  per  second.  The  area  under  the  curve  indicates  total  volume  of  flow. 

Intermediate  Regional  Flood.  A  flood  having  an  average  frequency  of  occur¬ 
rence  in  the  order  of  once  in  100  years  although  the  flood  may  occur  in  any  year.  It  is  based 
on  statistical  analyses  of  streamflow  records  available  for  the  watershed  and  analyses  of 
rainfall  and  runoff  characteristics  in  the  general  region  of  the  watershed. 

Left  Bank.  The  bank  on  the  left  side  of  a  river,  stream,  or  watercourse,  look¬ 
ing  downstream. 

Right  Bank.  The  bank  on  the  right  side  of  a  river,  stream,  or  watercourse, 
looking  downstream. 

Standard  Project  Flood.  The  flood  that  may  be  expected  from  the  most  severe 
combination  of  meteorological  and  hydrological  conditions  that  are  considered  reasonably 
characteristic  of  the  geographical  area  in  which  the  drainage  basin  is  located,  excluding  ex¬ 
tremely  rare  combinations.  Peak  discharges  for  these  floods  are  generally  about  40-60  per¬ 
cent  of  the  Probable  Maximum  Floods  for  the  same  basins.  As  used  by  the  Corps  of  Engi¬ 
neers,  Standard  Project  Floods  are  intended  as  practicable  expressions  of  the  degree  of  pro¬ 
tection  that  should  be  sought  in  the  design  of  flood  control  works,  the  failure  of  which 
might  be  disastrous. 

Underclearance  Elevation.  The  elevation  at  the  top  of  the  opening  of  a  culvert, 
or  other  structure  through  which  water  may  flow  along  a  watercourse. 
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